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ABSTRACT

Angiogenesis is essential for tumor growth and progression and is mediated by positive and negative regulators of vessel growth. Since angiogenic mediators found in patient's serum have been postulated to reflect the angiogenic potential of a malignant tumor, the angiogenic stimulators activity such as vascular endothelial growth factor (VEGF) and angiogenesis inhibitors such as endostatin have been evaluated in the serum of patients with colorectal caner (CRC) with and without liver metastases, in an attempt to study the prognostic value of the above parameters. The present work was conducted on thirty six patients with colorectal cancer and twelve control subjects. The patients' group included twenty localized colorectal cancer patients all of them had radical surgical resection. The second patients' group consisted of sixteen colorectal cancer patients with liver metastases. The serum endostatin and VEGF levels were significantly higher in the patients with colorectal cancer versus healthy controls. When compared according to tumor stage, the liver metastatic group had significantly higher levels of serum endostatin and VEGF versus the localized invasive group (without distant metastasis). Both groups of patients with localized invasive cancer and patients with liver metastasis had significantly higher mean serum endostatin and VEGF levels versus healthy controls. Serum endostatin and VEGF levels in localized invasive
INTRODUCTION
Colorectal cancer (CRC) is the third most common malignancy in western countries (1) . Of all patients affected by CRC, 75% undergo surgical treatment with curative intent; however, at present, 50% of these patients die within 5 years, mostly due to recurrence of disease (1) . , where r represents the mean radius of the two measurements taken. Hepatic tumor burden in each patient was calculated by adding the volumes of individual hepatic tumors.
SUBJECTS & METHODS
Clinical characteristics for the sixteen patients are summarized in (Table: 2).
The tumor grade and tumor stage were determined according to the TNM system After a follow-up of 12 months, 5(25%) of the assessable 20 patients (who had CRC without liver metastases) had disease recurrence, and one of these 5 patients died of disease. Sites of recurrence included one rectal recurrence, one liver recurrence, one lung recurrence and one multifocal recurrence.
Blood samples were obtained from patients, before surgery and during follow-up visits, and from ageand sex-matched volunteer blood donors (controls). Blood samples were drawn from all participants (all patients and controls) after an overnight fast before and at seventh day after resection of the tumor for the estimation of serum levels of VEGF (18) , and endostatin (19) . Blood samples were centrifuged at 3000 rpm for 20 min. after being allowed to clot at room temperature. Sera were separated after centrifugation, then aliquoted and stored at -80 ºC until the assays were performed. The above parameters were determined by the sandwich enzyme immunoassay technique using kits supplied by Quantikine, R&D System,Inc. Minneapolis, USA .
Statistical analysis:
Data are represented as mean ± SD. For comparison of the means of 2 groups, unpaired t-test is used. Cytokine levels >2 S.D. above the control mean were considered elevated. Mean values of variables were compared using analysis of variance (ANOVA) followed by posthoc test. The Pearson and Spearman correlation tests were used to assess the correlation between the variables. P values <0.05 were considered statistically significant. 
RESULTS
The results of the present study are presented in tables 1-9 and figures 1-5. The serum endostatin and VEGF levels were significantly higher in the patients with colorectal cancer versus healthy controls (P< 0.001) ( Table 3 ). 
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Serum endostatin and VEGF levels in localized invasive group decrease significantly after resection of the primary tumor (Table 5) and (Figures 1 and 2) . There was a significant positive correlation between preoperative endostatin and VEGF in localized CRC patients (r = 0.47), and between endostatin and VEGF levels in all cancer patients (r = 0.59 P <0.001) (Fig. 3, 4) . This correlation was absent in controls. There was no significant correlation between preoperative endostatin and VEGF levels and age and no association with sex. Association between preoperative endostatin and VEGF levels and burden of disease: Tumor burden = tumor size (cm), tumor grade (T1, T2, T3), number of lymph node metastases and subsequent recurrence. Preoperative levels of circulating VEGF and endostatin were analyzed in relation to tumor size (Fig. 5) , tumor grade (T1, T2, T3), lymph node metastases and subsequent recurrence (Table 6 ). High preoperative VEGF and endostatin levels were strongly associated with the previous tumor burden (Table 6 ). Also, serum VEGF and endostatin mean levels were significantly higher in patients with grade 3 (T3) (463±74.3 pg/mL; 68.2±11.4 ng/mL respectively) versus patients with grade 2 (T2) (270±138 pg/mL; 49.7±10.9 ng/mL respectively, P<0.001 for each) (Table  7) .
Correlation between Endostatin and Tumor Size
Furthermore, there were significant differences in both serum VEGF and endostatin levels between patients with subsequent recurrence (508 ±78.3 pg/mL; 73±9.1 ng/mL respectively) versus those without recurrence (300 ± 114 pg/mL; 52 ±11.3 ng/mL respectively; P<0.001 for each) (Table 8 ). The mean number of hepatic metastases among patients with elevated preoperative endostatin levels (9.8 ± 7.2) was significantly higher than among those without elevated levels (2.4 ± 1.5: P <0.005). Similarly, the mean total volume of hepatic metastases among patients with elevated preoperative endostatin levels (254.6 ± 107.5 mL) was significantly higher than among those without elevated levels (70.4 ± 24.8 mL: P <0.001) ( Table 9 ). Significant positive correlation was detected between endostatin levels and the number of hepatic metastases (r = 0.5: P<0.05) (Table 9 ). Also, there was significant positive correlation between endostatin levels and total volume of hepatic metastases (r = 0.54: P<0.05). There was no significant correlation between the estimated tumor burden and levels of VEGF.
DISCUSSION
Solid tumors rely on angiogenesis for sustained growth and produce cytokines that induce neovascularization (21) . It is interesting that tumors can, also, produce antiangiogenic cytokines,
an observation hypothesized to be associated with the clinical observation that resection of primary human tumors may lead to growth of distant metastatic disease. This phenomenon has been demonstrated in murine models (23) . Because inhibiting tumor angiogenesis has become an attractive strategy for treating cancer patients, identifying the presence of circulating inhibitors of angiogenesis in humans with cancer might shed light on the role of these endogenous mediators in humans and suggest novel means to enhance their production or antitumor effects.
In the present study, serum levels of VEGF and endostatin levels were significantly higher in all patients with CRC than in the healthy controls. When compared according to tumor stage, the distant metastatic group had significantly greater levels of serum VEGF and endostatin than the localized invasive group (without distant metastasis). There was a significant positive correlation between preoperative endostatin and VEGF levels in all cancer patients. Consistent with the current results, Tien et al., (24) reported significantly higher VEGF and endostatin serum levels in patients with superficial or invasive CRC compared to healthy controls. Feldman et al., (25) reported that plasma endostatin levels are elevated in CRC patients with liver metastases. Guenther et al., (26) reported that in CRC and their liver metastases, high levels of collagen XVIII transcripts were observed in endothelial cells and fibroblasts/myofibroblasts. Because hepatic metastatic disease represents the major cause of morbidity and mortality in patients with colon cancer, and because the liver is rich in collagen XVIII, the parent protein of endostatin (27) , plasma endostatin levels in colorectal cancer patients with liver metastases were prospectively analyzed. Several proteases have been demonstrated to cleave endostatin from collagen XVIII, including elastase 
reported that the increased global expression of the endogenous endostatin precursor, collagen XVIII, in hepatic metastases of CRC results from the combined expression profiles of tumor cells, and nontumor hepatocytes at the advancing edge of the tumor. With the exception of the original hemangioendothelioma cell line from which murine endostatin was first isolated, tumor cell lines have not been shown to produce endostatin (31) . Therefore, it is reasonable to hypothesize that endostatin production in humans occurs as a result of extracellular cleavage of collagen XVIII. Because the liver is particularly rich in collagen XVIII, elaboration of these proteases by tumor would be expected to generate endostatin. It is interesting to note that in a study of patients with hepatocellular carcinoma Yamagata et al., (32) found circulating endostatin levels similar to those of controls. Therefore, the production of proteases capable of cleaving endostatin from collagen XVIII may vary between tumor histologies and merits further study.
The inter-relationship between the antiangiogenic factor endostatin and the angiogenic factor VEGF, which was first noted in patients with clear-cell renal cancer (25) , could be explained as a part of a dynamic equilibrium process. Invasive tumors secrete VEGF and multiple collagenases, including MMPs, that facilitate digestion of the extracellular matrix and basement membrane, allowing the tumor cell access to the circulation. VEGF, in addition to promoting endothelial cell proliferation, also, induced the release of multiple collagenases and other proteases from endothelial cells (33) . Simultaneously, these collagenases (eg, MMP-9, MMP-3) might cleave endostatin from collagen XVIII. It is, also, possible that elevated endostatin levels represent a direct response to elevated VEGF levels (34) . Hypoxia, for example, is often present in tumors and has been shown to induce expression of both VEGF (35) and cathepsin L (36) . In turn, endostatin blocks angiogenesis by decreasing VEGF expression and inducing apoptosis in cancer cells (37) . Binding of endostatin to its receptor-like molecules present on the surface of endothelial cells transfers intracellular signals to block VEGF-mediated endothelial cell signaling. Endostatin, also, interferes with the interaction between VEGF and its receptor, thus again blocking the VEGF-mediated signaling events that result in the blocking of VEGF-induced proliferation and migration of endothelial cells.
The ability of endogenous human endostatin to inhibit angiogenesis is unknown at present (38) . Thus, it is not clear whether endogenous endostatin represents part of a defense mechanism to protect the host from tumor angiogenesis or simply is a byproduct of proteases secreted by the tumor. In either case, endostatin production might be expected to be increased in patients with more aggressive disease. In the current study preoperative levels of circulating VEGF and endostatin were analyzed in relation to tumor size, tumor grade, lymph node metastases and subsequent recurrence. High preoperative VEGF and endostatin levels were strongly associated with the previous tumor burden (Table 6 ). Also, it was found that the elevated endostatin levels, found in this work, were associated with greater tumor burden in colorectal cancer patients with liver metastases. Patients with elevated endostatin levels had significantly more metastatic lesions and greater hepatic disease burden and were less likely to be deemed eligible for surgical treatment. Similarly, Feldman et al.
(39) demonstrated that in patients with soft-tissue sarcomas, elevated preoperative endostatin levels were more likely to have recurring tumors after resection than patients without elevated endostatin levels.
The present study, also, showed that serum endostatin and VEGF levels in localized invasive group were decreased significantly after resection of the primary tumor (table  5) . These results are coordinated with those reported by Charlotte et al., (40) who demonstrated that the increased metabolic activity in liver metastasis after removal of primary colorectal carcinoma coincided with a decrease in antiangiogenic factor levels. Also, Fujisaki et al., (41) found that circulating levels of VEGF decreased after resection of primary colorectal cancers. After resection of the tumor, levels of circulating angiogenic and antiangiogenic factors would reflect a balance between the loss of the tumor stimulus and the addition of the regeneration stimulus. Multiple factors might be responsible for the decrease of endostatin after surgery. Removal of the tumor might be one factor for both VEGF and endostatin decrease. Surgical trauma with subsequent release of various proteolytic enzymes involved in healing of the wound may degrade endostatin.
That postoperative endostatin decrease further substantiates the idea that a tumor may produce angiogenic inhibitors, suppressing their metastases at distance.
From the current results, it could be suggested that to prevent accelerated vascularization and growth of distant (micro)metastases, the primary tumor should not be removed. However, more than 50% of patients with primary colorectal malignancies who present without metastasis are cured by surgery (42) , indicating that surgical removal of the primary tumor is mandatory and not just optional. Furthermore, the risk of metastasis is proportional to the number of circulating metastatic cells that originate from primary tumor (43) . Obviously, resection will remove the source of these cells. These results may indicate that administration of antiangiogenic compounds after the surgical removal of a primary tumor may be an interesting approach to inhibit outgrowth of distant (micro)metastases. In animal models, substantial evidence has been presented that vascularization and subsequent growth of distant metastases could be inhibited by systemic administration of the angiogenesis inhibitors angiostatin and endostatin (23) . In humans, that approach may be helpful in preventing the outgrowth of liver metastases, a major cause of mortality in colorectal carcinoma patients.
Because of the small number of patients recruited in the current study and the wide range of circulating endostatin levels observed in healthy controls, a much larger analysis would be required to assess the feasibility of using circulating endostatin levels as a tumor marker of progression or recurrence.
Conclusion:
The current results denote that serum levels of endostatin, and VEGF were elevated and positively correlated in patients with CRC patients. The elevation was associated with the disease stage, burden and recurrence of CRC. Thus, elevation of serum levels of endostatin, and VEGF might be considered as indicators of tumor invasion and metastasis in the future demonstrating the prognostic utility of measuring angiogenic and antiangiogenic factors before resection of colorectal cancer. However, larger scale analysis is required to assess the feasibility of using circulating VEGF, and endostatin levels as tumor markers of recurrence or progression in patients with CRC. Understanding the role of endogenous endostatin in patients with colorectal cancer might lead to novel treatment strategies to inhibit tumor angiogenesis. 
